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INTEGRATED CIRCUIT AND METHODS FOR THIRD SUB HARMONIC 
UP CONVERSION AND DOWN CONVERSION OF SIGNALS 

BACKGROUND OF THE INVENTION 

[0001] Communication devices having a direct conversion architecture may include 
mixers to down convert received radio frequency (RF) signals into baseband (BB) 
signals, and may include mixers to up convert BB signals into RF signals to be 
transmitted. With a different conversion architecture, the down conversion is from 
RF signals to intermediate frequency (IF) signals and then to BB signals, and the up 
conversion is from BB signals to IF signals into RF signals. 

[0002] The mixers may use reference signals having a reference frequency similar to 
the carrier frequency of the received/transmitted RF signal. Generation of the 
reference signal using a local oscillator (LO) at a local oscillator frequency similar to 
the carrier frequency may lead to unwanted spurs and direct current (DC) offsets in 
direct conversion receivers. Therefore, some communication devices include a local 
oscillator to generate local oscillator signals at approximately one third of the desired 
reference frequency, and then use a frequency tripler to generate signals at the desired 
reference frequency from the local oscillator signals. However, a frequency tripler 
may consume a lot of power and may generate unwanted harmonics. Other 
communication devices include a square wave local oscillator to generate a local 
oscillator signal at approximately one third of the desired reference frequency, but the 
local oscillator signal has low third harmonic content and high content of other 
components. 

[0003] Gilbert-cell active mixers are commonly used for fundamental conversion. 
For example, in down-conversion, the output of the mixer has a dominant spectral 
component at a frequency given by the difference of the local oscillator frequency and 
the carrier RF frequency. However, when used for third order sub-harmonic 
conversion, their loss is very high. In other words, the spectral component at three 
times the local oscillator frequency less the carrier RF frequency is very low. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Embodiments of the invention are illustrated by way of example and not 
limitation in the figures of the accompanying drawings, in which like reference 
numerals indicate corresponding, analogous or similar elements, and in which: 
[0005] FIG. 1 is a block diagram of an exemplary integrated circuit to mix differential 
pairs of periodic local frequency signals with respective differential pairs of radio 
frequency, intermediate frequency or baseband signals, according to some 
embodiments of the invention; 

[0006] FIG. 2 is a waveform diagram of differential pairs of periodic signals in the 
integrated circuit of FIG. 1, according to some embodiments of the invention; 
[0007] FIG. 3 is a block diagram of an exemplary integrated circuit having a local 
oscillator and a mixer, according to some embodiments of the invention; 
[0008] FIG. 4 is a block diagram of an exemplary integrated circuit having a local 
oscillator and another mixer, according to some embodiments of the invention; . 
[0009] FIG. 5 is a waveform diagram of differential pairs of periodic signals in the 
integrated circuit of FIG. 4, according to some embodiments of the invention; and 
[0010] FIG. 6 is a block diagram of a communication system, according to some 
embodiments of the invention. 

[0011] It will be appreciated that for simplicity and clarity of illustration, elements 
shown in the figures have not necessarily been drawn to scale. For example, the 
dimensions of some of the elements may be exaggerated relative to other elements for 
clarity. 
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DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0012] In the following detailed description, numerous specific details are set forth in 
order to provide a thorough understanding of embodiments of the invention. However 
it will be understood by those of ordinary skill in the art that the embodiments of the 
invention may be practiced without these specific details. In other instances, well- 
known methods, procedures, components and circuits have not been described in 
detail so as not to obscure the embodiments of the invention. 

[0013] The following description involves differential pairs of signals. Signals 
having a reference with the suffix "P" are positive signals, and signals having a 
reference with the suffix "N" are negative signals. Similarly, input/output terminals 
connected to positive signals are referenced with the suffix "P" and input/output 
terminals connected to negative signals are referenced with the suffix "N". 
[0014] FIG. 1 is a block diagram of an exemplary integrated circuit 100 according to 
some embodiments of the invention. Integrated circuit 100 may include a mixer 105 
to mix a first differential pair of periodic reference logic signals 106P and 106N with 
a differential pair of signals 108P and 108N, and to output a differential pair of signals 
109P and 109N. Integrated circuit 100 may also include a mixer 1 15 to mix a second 
differential pair of period reference logic signals 116P and 116N with a differential 
pair of signals 118P and 118N, and to output a differential pair of signals 119P and 
119N. 

[0015] Reference is made additionally to FIG. 2, which is a waveform diagram of 
signals in exemplary integrated circuit 100, according to some embodiments of the 
invention. 

[0016] As shown in FIG. 2, signal 106P may have a local frequency Flo a 

respective period Tlo of 1/Flo~ Period Tlo ma Y be partitioned into eight equal 

consecutive portions 11, 12, 13, 14, 15, 16, 17 and 18 of period Tlo- For later 

reference, the beginning of portion 1 1 may be referred to as "phase 0°" of period Tlo 

and the end of portion 18 may be referred to as "phase 360°" of period TlO- Signal 
106P may have a logic high value during portions 11, 12, 14 and 17 and a logic low 
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value during portions 13, 15, 16 and 18. Signal 116P may be a copy of signal 106P, 

delayed by 90°, i.e. by two portions of period Tlo> Signal 106N may have 

complimentary logic values to those of signal 106P, and signal 116N may have 
complimentary logic values to those of signal 1 16P. 

[0017] Signals 106P, 106N, 116P and 116N may have spectral components at local 
frequency i^LO 3X1(1 odd harmonics of F^q, such as, for example, 3i<LO> 5 ^LO ^ 

TFlq. Spectral component 3jFlo ma Y be the dominant spectral component of 
signals 106P, 106N, 116P and 116N. For example, the coefficient of spectral 
component 3Flo ma y be approximately 0.512, while the coefficients of spectral 

components Flo* 5 ^LO 7^LO ma Y be approximately 0.264, 0.307 and 0.038, 
respectively. 

[0018] In down conversion, signals 108P, 108N, 1 18P and 118N may be derived from 

received RF signals and may have a center radio frequency jFrfi such as, for 

example, in the range of approximately 2.4 - 2.45 gigahertz (GHz), approximately 4.9 
- 5.9 GHz, approximately 10-11 GHz, approximately 14.5 GHz, or approximately 

17-18.5 GHz, and local frequency F^o ma Y be substantially one third of Frfi, 

such as, for example, 800 megahertz (MHz), 1.66 GHz or 3.33 GHz, respectively. 
Consequently, signals 109P, 109N, 119P and 119N may have a dominant spectral 

component F\ , the frequency of which is an intermediate frequency or a baseband 

frequency, as shown in the following equation: 

(1) F\ ~ ^ F LO - F RF\ 
[0019] In up conversion, signals 108P, 108N, 118P and 118N may be baseband or 

intermediate frequency signals and may have a center frequency F2 tk at ls 

substantially lower than i^LO- Consequently signals 109P, 109N, 119P and 119N 

may have a dominant spectral component i*RF2 at a radio frequency, such as, for 
example, in the range of approximately 2.4 - 2.45 gigahertz (GHz), approximately 4.9 
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-5.9 GHz, approximately 10-11 GHz, approximately 14.5 GHz, or approximately 
17-18.5 GHz, as shown in the following equation: 

(2) FrF2 ~ 3F LO ~ F 2 
[0020] Integrated circuit 100 may include a local oscillator 132 to generate a 
differential pair of periodic local oscillator signals 101P and 10 IN and a differential 
pair of periodic local oscillator signals 102P and 102N. Integrated circuit 100 may 
also include a waveform generator 134 to receive local oscillator signals 10 IP, 101N, 
102P and 102N and to generate signals 106P, 106N, 1 16P and 1 16N. 
[0021] As shown in FIG. 2, local oscillator signals 101P, 101N, 102P and 102N may 
be substantially sinusoidal and may have a duty cycle of substantially 50%. 
Alternatively, local oscillator signals 10 IP, 10 IN, 102P and 102N may have other 
periodic shapes, or may be logic signals, having alternating high and low values. In 

addition, local oscillator signal 102P may have a phase delay of substantially 90° 
from local oscillator signal 101P. 

[0022] Waveform generator 134 may include a delay circuit 136 to receive local 
oscillator signals 101P and 10 IN, to output a signal 103P, which is substantially a 

replication of local oscillator signal 10 IP having a phase delay of substantially 45° 

from local oscillator signal 10 IP, and to output a signal 103N, which is substantially a 

replication of local oscillator signal 101N having a phase delay of substantially 45° 

from local oscillator signal 10 IN. 

[0023] Similarly, waveform generator 134 may include a delay circuit 138 to receive 
local oscillator signals 102P and 102N, to output a signal 104P, which is substantially 

a replication of local oscillator signal 102P having a phase delay of substantially 45° 

from local oscillator signal 102P, and to output a signal 104N, which is substantially a 

replication of local oscillator signal 102N having a phase delay of substantially 45° 

from local oscillator signal 102N. 

[0024] If signals 101P, 101N, 102P, 102N, 103P, 103N, 104P and 104N are logic 
signals, signals 121P, 121N, 122P, 122N, 123P, 123N, 124P and 124N may be 
respective replications of signals 101P, 101N, 102P, 102N, 103P, 103N, 104P and 
104N. However, if signals 101P, 101N, 102P, 102N, 103P, 103N, 104P and 104N 
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are not logic signals, waveform generator 134 may include signal shapers 141, 151, 

142, 152, 143, 153, 144 and 154 to respectively convert signals 101P, 101N, 102P, 
102N, 103P, 103N, 104P and 104N into logic signals 121P, 121N, 122P, 122N, 123P, 
123N, 124P and 124N, respectively. 

[0025] The conversion method of signal shapers 141, 151, 142, 152, 143, 153, 144 
and 154 may be dependent on the shapes of signals 101P, 101N, 102P, 102N, 103P, 
103N, 104P and 104N. For example, if signals 101P, 101N, 102P, 102N, 103P, 
103N, 104P and 104N are substantially sinusoidal, signal shapers 141, 151, 142, 152, 

143, 153, 144 and 154 may convert positive parts of signals 101P, 101N, 102P, 102N, 
103P, 103N, 104P and 104N into respective high logic levels and negative parts of 
signals 101P, 101N, 102P, 102N, 103P, 103N, 104P and 104N into respective low 
logic levels. 

[0026] Consequently, signal 121P may have a high logic level during portions 11, 12, 

13 and 14 of period Tj^q and a low logic level during portions 15, 16, 17 and 18. 

Signal 122P may have a high logic level during portions 13, 14, 15 and 16 and a low 
logic level during portions 11, 12, 17 and 18. Signal 123P may have a high logic 
level dialing portions 12, 13, 14 and 15 and a low logic level during portions 11, 16, 
17 and 18. Signal 124P may have a high logic level during portions 14, 15, 16 and 17 
and a low logic level during portions 1 1, 12, 13 and 18. 

[0027] Signals 12 IN, 122N, 123N and 124N may have complimentary logic levels to 
those of signals 121P, 122P, 123P and 124P, respectively. 

[0028] Waveform generator 134 may include a logic circuit 140 to receive logic 
signals 12 IP, 121N, 122P, 122N, 123P, 123N, 124P and 124N and to generate signals 
106P, 106N, 116P and 116N. Logic circuit 140 may be implemented, for example, 
using XOR logic gates and OR logic gates. 

[0029] FIG. 3 is a block diagram of an exemplary integrated circuit 300 including a 
local oscillator 304 and a mixer 305, according to some embodiments of the 
invention. 

[0030] Local oscillator 304 may generate differential pairs of substantially sinusoidal 
local oscillator signals 301P, 301N and 302P, 302N having a local frequency Flo, 
where the suffixes "P" and "N" denotes a positive signal and a negative signal, 
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respectively. Local oscillator signal 301P may have a phase delay of substantially 90° 
from local oscillator signal 302P. 

[0031] According to some embodiments of the invention, as shown in FIG. 3, mixer 
305 may have input terminals 31 IP and 3 UN to receive signals 301P and 301N, 
respectively, and may have input terminals 312P and 312N to receive signals 302P 
and 302N, respectively. According to other embodiments of the invention (not 
shown), input terminals 312P and 312N may receive signals 301P and 301N, 
respectively, and input terminals 31 IP and 31 IN may receive signals 302P and 302N, 
respectively. 

[0032] Mixer 305 may have input terminals 318P and 318N to receive signals 108P 
and 108N, respectively, and may have output terminals 319P and 319N to output a 
differential pair of signals 309P and 309N, respectively. 

[0033] For the down conversion example in which signals 108P and 108N have a 
center radio frequency Frfi, signals 309P and 309N may have a dominant spectral 

component F\ as given above in equation (1), even though none of the differential 
pairs of local oscillator signals 301P, 30 IN and 302P, 302N has a significant spectral 
component at 3jFlO Similarly, for the up conversion example in which signals 108P 

and 108N have a center frequency F2, signals 309P and 309N may have a dominant 

spectral component i r RF2 as given above in equation (2), even though none of the 
differential pairs of local oscillator signals 301P, 301N and 302P, 302N has a 
significant spectral component at 3i*LO 

[0034] The topology of mixer 305 is similar to that of a Gilbert cell active mixer. 
Unlike conventional Gilbert cell active mixers, mixer 305 has groups of three serially 
connected transistors in each of its four branches. Mixer 305 may have a current 
source 315, coupled to a ground connection 316, that sets the DC current for the entire 
mixer. Current source 315 may be replaced by a direct ground connection to save its 
voltage drop. Mixer 305 may also include a voltage supply 317. 

[0035] In particular, a first branch 35 of mixer 305 may include a group of serially 
connected N-Channel transistors (TR) 351, 352 and 353 (i.e. the source of TR 352 is 
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connected to the drain of TR 353 and the source of TR 353 is connected to the drain 
of TR 351). The drain of TR 352 may be connected to voltage supply 317 through a 
resistive element 350. 

[0036] A second branch 36 of mixer 305 may include a group of serially connected 
N-Chamiel transistors 361, 362 and 363 (i.e. the source of TR 362 is comiected to the 
drain of TR 363 and the source of TR 363 is connected to the drain of TR 361). The 
drain of TR 362 may be connected to voltage supply 317 through a resistive element 
360. 

[0037] The gates of transistors 351 and 361 may be fed by input terminal 31 IP, while 
the gates of transistors 352 and 362 may be fed by input terminal 312P, so that the 
signal fed to the gates of transistors 351 and 361 has a phase delay of substantially 

90° from the signal fed to the gates of transistors 352 and 362. 

[0038] A third branch 37 of mixer 305 may include a group of serially connected N- 
Channel transistors 371, 372 and 373 (i.e. the drain of TR 371 is connected to the 
source of TR 373 and the drain of TR 373 may be connected to the source of TR 372). 
The drain of TR 372 may be connected to output terminal 3 19N. 
[0039] A fourth branch 38 of mixer 305 may include a group of serially connected N- 
Channel transistors 381, 382 and 383 (i.e. the drain of TR 381 is connected to the 
source of TR 383 and the drain of TR 383 is connected to the source of TR 382). The 
drain of TR 382 may be connected to output terminal 319P. 

[0040] The gates of transistors 371 and 381 may be fed by input terminal 3 UN, while 
the gates of transistors 372 and 382 may be fed by input terminal 312N, so that the 
signal fed to the gates of transistors 371 and 381 has a phase delay of substantially 

90° from the signal fed to the gates of transistors 372 and 382. 

[0041] Mixer 305 may include passive elements 321, 322, 331, 332, 341 and 342. In 
one embodiment, passive elements 321, 322, 331, 332, 341 and 342 have resistive 
characteristics, with the resistance of passive elements 341 and 342 being 
substantially half the resistance of passive elements 321, 322, 331 and 332. In another 
embodiment, passive elements 321, 322 5 331, 332, 341 and 342 have capacitive 
characteristics, with the capacitance of passive elements 341 and 342 being 
substantially double the capacitance of passive elements 321, 322, 331 and 332. 
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[0042] Passive elements 321 and 331 may both be connected to input terminal 3 IIP, 
while passive elements 322 and 332 may both be connected to input terminal 3 12P. 
[0043] Passive element 341 may be connected to input terminal 3 UN, while passive 
element 342 may be connected to input terminal 3 12N. 

[0044] Therefore, passive elements 321 and 322 act as voltage dividers and create a 
node 323P therebetween that is connected to the gate of transistor 353. Similarly, 
passive elements 331 and 332 act as voltage dividers and create a node 333P 
therebetween that is connected to the gate of transistor 363. The signal at node 333P 
may be similar or substantially identical to the signal at node 323P. 
[0045] The gates of transistors 373 and 383 and passive elements 341 and 342 may be 
connected together at a node 343N. 

[0046] The signals at nodes 333P and 343N are a first differential pair of mixer 
signals, and the signals at nodes 323P and 343N are a second differential pair of mixer 
signals. The phase difference of the differential pairs of mixer signals relative to the 
signals at input terminals 312P and 312N is substantially half the phase difference of 
the signals at input terminals 31 IP and 31 IN relative to the signals at input terminals 
312P and 312N. The phase difference of the differential pairs of mixer signals is 

substantially 45° relative to signals 302P and 302N, regardless which pair of input 

terminals is connected to signals 302P and 302N. 

[0047] Feeding the gates of three transistors with signals at phase differences of 

substantially 45° may reduce the 1 st and 2 nd harmonic content of the switched current 

in the transistor, and may therefore emphasize the 3 rd harmonic of the local oscillator 
signal. 

[0048] In the embodiment where the passive elements are capacitive elements, 

alternating current (AC) coupling to the gates of transistors 353, 363, 373 and 383 is 

enabled. DC biasing of the gates of transistors 353, 363, 373 and 383 is required. 

[0049] In the embodiment where the passive elements are resistive elements, the gates 

of transistors 353, 363, 373 and 383 are DC connected to transistors 351, 352, 361, 

362, 371, 372 and 381, 382 respectively by substantially equal resistors, and there is 

no DC current at the gates of transistors 353, 363, 373 and 383. Consequently, the 

DC level of transistors 353, 363, 373 and 383 is set to be the mean of the respective 

other two transistors and this is a good bias point for the middle transistor. 
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[0050] According to some embodiments of the invention, the source of TR 381 and 
the drain of TR 361 may be connected to the drain of an optional N-Channel transistor 
390, and the source of TR 371 and the drain of TR 351 may be connected to source of 
an optional N-Channel transistor 392. The source of TR 390 and the drain of TR 392 
may be connected together through current source 315 to ground connection 316. In 
addition, the gate of TR 390 may be connected to input terminal 318N, and the gate of 
TR 3 92 may be connected to input terminal 3 1 8P. 

[0051] According to other embodiments of the invention, the sources of TR 371 and 
TR 381 and the drains of TR 351 and TR 361 may be connected together to current 
source 315. In addition, the gate of TR 270 may be connected to input terminal 3 1 8N 
through an optional capacitor 395 and the gate of TR 272 may be connected to input 
terminal 3 18P through an optional capacitor 396. 

[0052] FIG. 4 is a block diagram of an exemplary integrated circuit 400 including a 
local oscillator 404 and a mixer 405, according to some embodiments of the 
invention. 

[0053] Local oscillator 404 may generate a differential pair of periodic substantially 

sinusoidal local oscillator signals 40 IP and 40 IN having a local frequency Flo, 

respectively. Integrated circuit 400 may include a delay circuit 406 to generate from 
signals 40 IP and 40 IN delayed versions thereof, such as, for example, signals 402P 
and 402N and signals 403P and 403N. 

[0054] Reference is made additionally to FIG. 5, which is a waveform diagram of 
signals in exemplary integrated circuit 400, according to some embodiments of the 
invention. Differential pairs of substantially sinusoidal local oscillator signals 40 IP, 

401N and 402P, 402N and 403P, 403N have a period T L o of 1/Flo- As shown in 

FIG. 5, signal 402P may have a phase difference of substantially 60° from signal 

40 IP, and signal 403P may have a phase difference of substantially 60° from signal 

402P. Alternatively, signal 402P may have a phase difference of substantially - 60° 

from signal 40 IP, and signal 403P may have a phase difference of substantially - 60° 
from signal 402P. 
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[0055] In alternative embodiments, the three differential pairs of substantially 
sinusoidal local oscillator signals may be generated in a different manner. For 
example, local oscillator 404 may generate the delayed differential pairs of local 
oscillator signals. In another example, two delay circuits may be used. 
[0056] Mixer 405 may have reference input terminals 41 IN, 41 IP, 412N, 412P, 
413N, and 413P to receive signals 401N, 401P, 402N, 402P, 403N, and 403P, 
respectively. Mixer 405 may have input terminals 41 8P and 41 8N to receive 
differential input signals 108P and 108N, respectively, and may have output terminals 
419P and 419N to output a differential pair of signals 409P and 409N, respectively. 
[0057] In the example shown in FIG. 4, mixer 405 is a quad-ring passive resistive 
mixer. Each branch of the ring includes three stacked transistors, such as, for 
example, field effect transistors (FETs). All three transistors on each side of the ring 

are fed with the same local oscillator frequency i^LO* but with different phase. 

Opposite sides of the ring are fed with the same signal, while the adjacent sides are 
fed with the same signals but with opposite phase. One pair of opposite ring nodes 
serve as the RF differential signal, while the other opposite ring nodes serve as the IF 
or baseband differential signal. 

[0058] Each of the three transistors on each of the ring sides is conductive for half of 

the period T^o, but the timing at which the transistor is conductive is different. Since 

the path on each side is conductive only when all three transistors are conductive, the 

time during which the path is conductive is shorter than half of the period TlO- 

Therefore the harmonic content of the current in each side of the ring is higher than 
for a single transistor with a single local oscillator signal. 

[0059] Consequently, for the down conversion example in which signals 108P and 
108N have a center radio frequency -Frfi, signals 409P and 409N may have a 

dominant spectral component F\ as given above in equation (1), even though none of 
the differential pairs of substantially sinusoidal local oscillator signals has a 
significant spectral component at IFi^q. Similarly, for the up conversion example in 

which signals 108P and 108N have a center frequency Fi> signals 409P and 409N 
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may have a dominant spectral component i r RF2 as given above in equation (2), even 
though none of the differential pairs of substantially sinusoidal local oscillator signals 
has a significant spectral component at 3Fj^q. Signals 409P and 409N may have an 

insignificant spectral component at approximately i^LO ~ ^1 or no spectral 
component at that frequency. 

[0060] It will be appreciated by persons of ordinary skill in the art that mixer 405 may 
be modified to create or enhance higher order harmonics. 

[0061] The internal structure of mixer 405 will now be described in more detail. A 
first branch 42 of the ring may include stacked transistors 42 1, 422 and 423, and a 
second branch 43 of the ring may include stacked transistors 431, 432 and 433. The 
gates of transistors 421/431, 422/432 and 423/433 may be connected to reference 
input terminals 41 IN, 412N and 413N, respectively. A third branch 44 of the ring 
may include stacked transistors 441, 442 and 443, and a fourth branch 45 of the ring 
may include stacked transistors 451, 452, and 453. The gates of transistors 441/451, 
442/452 and 443/453 may be connected to reference input terminals 41 IP, 412P and 
413P, respectively. 

[0062] A ring node 468P between transistors 421 and 453 may be connected to input 
terminal 41 8P, and an opposite ring node 468N between transistors 431 and 443 may 
be connected to input terminal 41 8N. A ring node 469P between transistors 423 and 
441 may be connected to output terminal 419P, and an opposite ring node 469N 
between transistors 433 and 451 may be connected to output terminal 419N. 
[0063] FIG. 6 is a block-diagram illustration of an exemplary communication system, 
in accordance with some embodiments of the present invention. A communication 
device 500 is able to communicate with a communication device 502 over a 
communication channel 504. 

[0064] A transmitter according to embodiments of the invention may be present in 
either or both of communication devices 500 and 502. A receiver according to 
embodiments of the invention may be present in either or both of communication 
devices 500 and 502. 

[0065] Communication devices 500 and 502 may include antennas 506 and 508, 
respectively, which may be, for example, monopole antennas, dipole antennas, loop 
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antennas, shot antennas, dual antennas, omni-directional antennas or any other 
suitable antennas. 

[0066] Communication device 500 may include an integrated circuit 510 that may 
include, at least in part, a transmitter 512. Integrated circuit 510 may implement at 
least one of the circuits described for integrated circuits 100, 300 and 400, or any 
combination thereof, and may be suitable to up convert BB or IF signals into RF 
signals. Integrated circuit 510 may output a related RF signal 514 that may then be 
transmitted by antenna 506 over communication channel 504. 

[0067] Communication device 502 may include an integrated circuit 516 that may 
include, at least in part, a receiver 518. Integrated circuit 516 may implement at least 
one of the circuits described for integrated circuits 100, 300 and 400, or any 
combination thereof, and may be suitable to down convert RF signals into IF or BB 
signals. Integrated circuit 516 may receive an RF signal 520 in relation to signal 514 
from antenna 506 and may down convert related RF signals into IF or BB signals. 
[0068] It should be understood that the invention may be used in a variety of 
applications- Although the present invention is not limited in this respect, the 
integrated circuits disclosed herein may be used in many communication devices such 
as the transmitters and receivers of a radio system. 

[0069] A non-exhaustive list of examples for integrated circuits 100, 300, 400, 510 
and 516 includes integrated circuits that include one or more of the following 
functions, or parts of these functions: a wireless local area network (WLAN) 
transmitter, a WLAN receiver, a WLAN bridge, a WLAN protocol bridge, a cellular 
transmitter, a cellular receiver, a cellular bridge. 

[0070] A non-exhaustive list of examples for communication devices 500 and 502 
includes a mobile telephone, a cellular phone, a cellular base station, a WLAN mobile 
unit, a WLAN stationary unit, a WLAN add-on card, a WLAN personal computer 
memory card international association (PCMCIA) card, a WLAN personal computer 
(PC) card, a WLAN switch, a WLAN router, a WLAN server, a BLUETOOTH 
connected device, a Zigbee wireless communication, a game console, a digital 
camera, a digital video camera, a television set, a desktop personal computer, a work 
station, a server computer, a laptop computer, a notebook computer, a hand-held 



13 



Attorney Docket Mo.: P-6585-US 
Assignee: Intel Corporation 

computer, a personal digital assistant (PDA), a very small aperture terminal (VSAT) 
for voice, internet and television broadcast, and the like. 

[0071] A non-exhaustive list of examples for types of cellular radiotelephone 
comniunication systems intended to be within the scope of the present invention 
includes Direct Sequence - Code Division Multiple Access (DS-CDMA) cellular 
radiotelephone communication systems, Global System for Mobile Communications 
(GSM) cellular radiotelephone systems, North American Digital Cellular (NADC) 
cellular radiotelephone systems, Time Division Multiple Access (TDMA) systems, 
Extended-TDMA (E-TDMA) cellular radiotelephone systems, wideband CDMA 
(WCDMA), General Packet Radio Service (GPRS) systems, Enhanced Data for GSM 
Evolution (EDGE) systems, 3.5G and 4G systems. 

[0072] A non-exhaustive list of examples for types of WLAN intended to be within 
the scope of the invention includes WLANs that meet the following standards and/or 
other existing or future related standards: 

• ANSI/IEEE standard 802.11 for Wireless LAN Medium Access Control 
(MAC) and Physical layer (PHY) specifications: 

o Rev. a for Higher-speed physical layer extension in the 5 GHz 

band, published 1999, 
o Rev. b for Higher-speed physical layer extension in the 2.4 GHz 

band, published 1999, 
o Rev. g for Higher data rate extension in the 2.4 GHz band, 

published 2003, 

• BLUETOOTH™ core specifications vl.2, published by the 
BLUETOOTH™ special interest group (SIG) November 2003. 

• IEEE standard draft 802.15.4 for low data rate WLAN, published May 
2003 

[0073] While certain features of the invention have been illustrated and described 
herein, many modifications, substitutions, changes, and equivalents will now occur to 
those of ordinary skill in the art. It is, therefore, to be understood that the appended 
claims are intended to cover all such modifications and changes as fall within the 
spirit of the invention. 
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